Background: Escherichia coli is still the common host for ing and heterologous protein expression. Various strategies have been employed to increase protein expression in E. coli, but, it seems that external factors such as selection marker concentration can drastically aff ect the yield of protein and plasmid. Objectives: Alterations of protein expression and plasmid yields of E. coli in diff erent concentrations of ampicillin, as selection marker, will be determined. In order to improve heterologous expression, the system will be redesigned and optimized. Materials and Methods: The expression cassette of codon optimized EGFP for E. coli was synthesized in pUC57. The pUC57-GFP was transformed into E. coli Top10F'. The expression of GFP was verifi ed by SDS-PAGE and fl ow cytometry after induction by IPTG (0.5 mM) and incubation with 0, 100, 200 and 300 μg.mL -1 ampicillin. Plasmid copy numbers of samples were determined by Real-Time PCR on AMP gene using regression line of diluted standard curve. Results: GFP expressing clones formed fair green colonies on LB agar supplemented with 0.5 mM IPTG and showed fl uorescence in FL1 fi lter of fl ow cytometry and an extra protein band on SDS-PAGE gel. The fl uorescent intensity of GFP in 0, 100, 200 and 300 μg.mL -1 ampicillin in medium were 549.83, 549.78, 1443.52, 684.87, and plasmid copy numbers were 6.07×10 9 , 3.21×10 9 , 2.32×10 10 , 8.11×10 8 , respectively. The plasmid yields were 55 ng.μL
Background
Escherichia coli is still one of the most widely used hosts for cloning and heterologous protein expression in research and industry (1) (2) . Various strategies have been employed to improve and increase protein expression in E. coli to cover the vast area of cloning and protein expression (3) (4) (5) . In this regard, many improved strains and effi cient expression vectors have been developed. Using strong promoters, suitable translation initiator and terminators, and origin of replications led to the generation of excellent protein expressing plasmids. Employing this improved strains and vectors resulting in the protein yields of up to 1 g.L -1 with E. coli (2) . However, external factors such as temperature, biophysicochemical character of expressing proteins, and other growth conditions are important and can drastically aff ect the result of the genetically well designed system. One of the key elements of culture condition is the antibiotic selection marker that is being used for selection pressure exertion to ensure that only bacterial cells with resistant plasmid(s) are being allowed to grow. As long been known, in cultures without selection pressure, resistant bacteria tend to decrease and lose their plasmid (6) . Some Feizollahzadeh S et al.
defi ned doses of selection marker are used in culture to restore a selection pressure (7) . However, it seems that plasmid maintenance, its copy number and distribution to daughter cells altered in diff erent concentrations of antibiotic. Low doses of antibiotic couldn't restore enough selection pressure to keep plasmids and then led to the high rate of plasmid free cell generation. Higher doses of antibiotics for high selection pressure may aff ect the growth rate of bacteria and increase the cost of production (8) . Both conditions are undesirable for research and industrial scale protein and plasmid preparation. Thus, adjustment of cultures with eff ective concentrations of antibiotic to restore eff ective selection pressure can lead to high fi nal protein and plasmid extraction yields that lowers the fi nal cost.
EGFP (Enhanced green fl orescent protein) is a commonly used reporter gene and it is widely used in fl ow cytometric applications, since it is effi ciently being excited with a standard 488-nm argon laser. Applications of green fl uorescent protein (GFP) as a reporter gene for the analysis of gene expression and protein localization have become prevalent in many aspects of science. The attributes of GFP could also be applied to the area of heterologous protein production.
Among several antibiotic selection markers, ampicillin (Amp), a beta-lactam antibiotic, has been commonly used as a selection marker in gene cloning and protein expression in E. coli. The Amp is an irreversible inhibitor of transpeptidase enzyme and can kill bacteria by inhibition of cell wall synthesis (8) . Plasmid taking bacteria produces beta-lactamase enzyme encoded by plasmid and hydrolyzes the β-lactam ring and inactivate Amp (8) . Then, colonies that have successfully taken up the plasmid will most likely develop a resistance against Amp and can grow in defi ning doses of Amp while others would eventually die. It mechanistically does not interfere with protein synthesis and is the best choice of selection marker for protein expression systems.
In the present study, a protein expression system is designed based on the Amp selection marker to evaluate its eff ect on protein and plasmid yield. The expression cassette of EGFP on the pUC57 plasmid backbone was used to evaluate the eff ect of Amp on protein expression and plasmid yield in E. coli. In this study, GFP was used as a tool to monitor protein production and reporter gene for scale-up and optimization of recombinant protein production.
Objectives
The eff ect of diff erent concentrations of Ampicillin on the level of protein expression and plasmid yields in E. coli Top10F as an expression host was determined.
The appropriate dose of Amp as selection marker was optimized and high protein and plasmid yields were obtained in that dose. This could be used for newly designed protein expression systems.
Materials and Methods

Bacterial Strains, Plasmids and Growth
The codon optimized sequence of Enhanced Green Fluorescent Protein (EGFP) (9) under control of an inducible Lacuv5 promoter was synthesized (Genecust Company) and cloned in pUC57 (Fig. 1) . The construct (pUC-GFP) was transformed into chemically competent (10) E. coli strain Top10F' cells and spread on LB agar medium supplemented with 100 μg.mL -1 Amp and 0.5 mM IPTG for clonal selection (Sigma-Aldrich, USA). GFP expression in green colonies was determined by fl ow cytometry and SDS-PAGE.
One of the selected clones was suspended in 5 mL of LB broth supplemented with 100 μg.mL -1 Amp and incubated at 37 °C with shaking at 250 rpm for 4 h to obtain a homogeneous solution of bacteria. Homogeneous culture (100 μL) was inoculated into 10 ml LB broth supplemented with diff erent concentrations (0, 100, 200 and 300 μg.mL -1 ) of Amp. Cultures were induced with 0.5 mM IPTG at OD 600 0.8 and incubated for 16 h at 37 °C with shaking at 250 rpm. E. coli strain Top10F' without pUC-GFP was used as negative control.
SDS-PAGE Analysis
The standard sambrook method was used for SDS-PAGE analysis. Equal volume of each culture (based on OD 600 ) centrifuged at 7500 ×g for 3 min and pellets were resuspended in 70 μL 2× sample buff er and boiled for 10 min. Samples were loaded on 12% polyacrylamide gel and stained with Coomassie Brilliant Blue-R-250 or G-250 after electrophoresis.
Flow Cytometry
EGFP has the same excitation and emission range as FITC at 488 nm and 509 nm. Accordingly, normal FITC fi lter sets (488 nm, FL1) used for visualizing GFP. Flow cytometric analysis was performed to accumulate up to 100,000 events per tube in a set of triplicate for each sample by FACS Calibur Flow cytometer (BD Bioscience, USA). LB broth bacterial suspensions (1 mL each) were centrifuged after overnight incubation for 10 min at 7500 ×g and the pellets were resuspended in 1 ml of sterile PBS for fl ow cytometric analysis. The light scattered population of bacteria was gated and analyzed in FL1 fi lter for GFP expression.
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Plasmid Extraction and Its Copy Number
Plasmids were extracted with commercial GeneJET™ Plasmid Miniprep kit after 18 h incubation at 37 ºC with shaking for each concentration of Amp. The extracted plasmids of each group were evaluated on agarose gel and plasmid concentration measured by Nanodrop. The copy number of plasmid in 1 μL was determined according to the number of nucleotides of pUC-GFP (11) with online copy number calculator (SciencePrimer. com). Standard curve was generated with diff erent concentrations of the pUC57 plasmid (from 10 7 to 10 14 plasmid molecules.μL ) prepared by serial dilutions. The prepared plasmids from cells cultured in diff erent Amp concentration and standard samples were used for quantitative real-time PCR with Amp primers (F amp: 5′-CAGTGCTGCAATGATACCG-3′-R amp: 5′-AATAATAGACTGGATGGAGGC-3′) using ABI
Step One Plus in a set of triplicate. The reaction mixture containing 10 μL of SYBR Green PCR master mix (Thermo Scientifi c, Waltham, MA, USA), 0.5 nM of each forward and reverse primer,1 μL of each plasmid and standard samples (template DNA) was adjusted to 20 μL fi nal volume with deionized water. The samples were heated at 95 °C for 10 min followed by 40 cycles of 95 °C for 15 s, and 60 °C for 1 min. After amplifying the standards, a linear relation was observed between the copy number and cycles of threshold (Ct) of realtime PCR. The regression line of diluted standard curve was used to determine the copy number of samples (0, 100, 200 and 300 μg.mL -1 ).
Statistical Analysis
The mean GFP intensity and plasmid copy number in diff erent concentrations of AMP were compared using independent t Test. Statistically signifi cant level was set at 0.05.
Results
GFP Expression
Transformed clones formed green appearance colonies on LB agar supplemented with 0.5 mM IPTG. The fair green appearances of colonies were attributed to GFP expression of colonies.
SDS-PAGE Analysis
Green clonies were evaluated by SDS-PAGE for extra or strong band close to GFP protein molecular weight (27 kDa). The protein banding pattern of transformed clones on 12% polyacrylamide gel showed an extra protein band near 27 kDa in comparisons to untransformed clones of E. coli TOP10F' (Fig. 2) . The intensity of GFP bond was strong after induction by IPTG (Fig. 3) . The intensity of GFP bond was variable in diff erent concentrations of Amp and was stronger in 200 μg.mL -1 Amp than 0, 100 and 300 μg.mL -1 (Fig. 4) .
Flow Cytometry
The untransformed cell population (E. coli Top10F') was located on the edge of the fi rst log decade in FL1 fi lter without any emission and GFP expression (Fig.  5A 1-3 ). Transformed cells with GFP expression was shifted toward the second log decade in FL1 based on the intensity of GFP expression level (Fig. 5B 1-3 ). The ratio of GFP expressing and non-expressing cells and its intensity as protein expression level in positive population were determined (Figs. 6A-D) (12) . The fl uorescent intensity of GFP in 0, 100, 200 and 300 μg.mL -1 Amp condition were 549.83, 549.78, 1443.52, 684.87, respectively (Fig. 7E) . The fl uorescent intensity of GFP was signifi cantly higher (p < 0.01) in 200 μg.mL -1 than 0, 100 and 300 μg.mL -1 concentrations. The variation in GFP intensity (CV%) in the GFP positive population considered as the degree of heterogeneity in protein expressing cells. The variation of GFP expression was 53, 56, 36 and 61% in 0, 100, 200 and 300 μg.mL -1 Amp condition, respectively. Homogeneously (CV = 36%) high GFP expression in 2× Amp showed that under this condition, cells uniformly kept a high copy number of plasmid than without, 100 and 300 μg.mL (Fig. 7) . The early C T value for 200 μg.mL -1 indicated that plasmid copy number in this condition is higher than other concentrations. The absolute copy number for each sample was determined by comparison of samples C T value with standards curve and it was higher for 200 μg.mL -1 than 0, 100 and 300 μg.mL -1 conditions. The absolute copy number of 0, 100, 200 and 300 μg.mL -1 Amp condition were 6.07×10 , respectively (Fig. 7) .
Plasmid Extraction and Copy Number
Evaluation of plasmid extracts on 1% agarose gel electrophoresis and spectrophotometry showed that the yield of plasmid is signifi cantly high (p < 0.01) in 200 μg.mL -1 Amp than others ( Table 1 ). The more copy number and plasmid yield of 200 μg.mL -1 condition showed that 200 μg.mL -1 Amp is the optimum condition to obtain a high plasmid yield.
Discussion
These results showed how protein and plasmid yield of E. coli is aff ected in diff erent concentrations of Amp and the necessities of optimization. One of the bottlenecks of protein and plasmid yield from E. coli can be attributed to the adjustments of cultures with the proper concentrations of Amp. Using the optimized concentration of Amp selection marker is an approach to decrease fi nal cost of protein and plasmid extraction yields.
The high plasmid copy number and its maintenance are essential factors to achieve high protein and plasmid yields (13) . As recently discussed by Gaimster and Summers (year is missing), the copy number and replication of ColE1 derived plasmids are controlled by small regulatory RNA. Such RNA molecules ensure the high copy numbers of the plasmid in the following bacterial generations (14) . But Plasmid dimer or multimer (dimer catastrophe) is the main cause of plasmid instability and the generation of plasmid free cells (15) . Selection pressure by adding some doses of selecting antibiotic inhibits and kills the plasmid free cells and prevents their accumulation. Although the generation of plasmid free cells in natural plasmids is low (10 -5 -10 -6 ), it is unclear in manipulating plasmids (16) . As the plasmid metabolic burden removes in plasmid free cells, they grow faster than plasmid containing heterologous protein expressing cells in the weak or without selection pressure. After a time period they constitute considerable part of culture and decrease the fi nal yield of protein and plasmid. There are other mechanisms that can exacerbate the results from Amp as a selection marker; 1) Amp is chemically more sensitive than other antibiotics like carbenicillin and kanamycin and usually inactivates after overnight incubation.
2) The betalactamase enzymes secrete to the medium by resistant bacteria containing beta lactamase gene (plasmid) cleave and diminish the Amp concentration and plasmid free bacteria can grow and accumulate in this condition (17) .
As mentioned, plasmid dimer or multimer formation is the main cause of plasmid instability. This problem was resolved by dimer resolution system developed in the dimer containing bacteria. Dimer resolution system converts plasmid multimers to monomers and helps to the uniform distribution of plasmids to both daughter cells, decreasing number of plasmid free cells (18) . However, the dimer resolution system acts relatively slow in ColE1 derived pUC plasmids and needs to be completed before cell division. Moreover, timing between cell division and completion of dimer resolution is critical for the generation of plasmid free cells. Therefore, eff ective selection pressure presumably delays cell division and give enough time to completion of dimer resolution in extensively multimeric pUC plasmids. Determining the optimum dose and the eff ective selection pressure in each new designed system to inhibit generation and the overgrowth of plasmid free cells can increase Feizollahzadeh S et al. productivity of the system. Our results are consistent with the above mentioned, as the plasmid loss in low concentrations of Amp or media without Amp were the same (0 = 2.28% and 100 μg.mL -1 Amp = 2.74%) and higher than 200 μg.mL -1 Amp (0.29%). Although theoretically high concentration of Amp ensures plasmid losing cells growth containment in long term cultures, it can increase the mortality rate and fi nal cost. The bacterial mortality inclines in higher doses of Amp that aff ects the fi nal yield. In 300 μg.mL -1 Amp, the plasmid yield and GFP expression was lower and plasmid loss was higher than other doses. This is probably due to the high mortality rate.
As expected, the plasmid losing cells accumulate in the culture in the low/no selection pressure, decreasing protein and plasmid yields. These results showed that 200 μg.mL -1 Amp is the optimum condition that can keep stable selection pressure for 18 h in this expression system, increasing fi nal yields. Therefore, 200 μg.mL -1 Amp is recommended to use in routine cultures to obtain better results when E. coli Top10F is being used as cloning and expression host. However, it seems that the optimization of Amp concentration is needed for any newly designed cloning and expression systems for protein production by E. coli Top10F.
